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EXECUTIVE SUMMARY

This document presents Total Maximum Daily Loads (TMDLs) and framework water quality
improvement plans for the Upper and North ForkBig Hole River and 18 impaired tributaries
(Appendix K, Map 1). This plan was developed by the Montana Department of Environmental
Quality (DEQ) and submitted to the US Environmental Protection Agency (EPA) for approval,
in accordance with the Montana Water Quality Act. The Act requires DEQ to develop TMDLs
for streams and lakes that do not meet, or are not expected to meet, Montana water quality
standards. A TMDL is the maximum amount of a pollutant a water body can receive and still
meet water quality standards. The goal of TMDLs is to eventually attain and maintain water
quality standards in all of Montana’s streams and lakes, and to improve water quality to levels
that support all state-designated beneficial water uses.

The Upper and North Fork Big Hole TMDL Planning Areas (TPAs) are located in Beaverhead
County and include the Big Hole River and its tributaries from headwaters to the confluence with
Doolittle Creek. The tributaries originate in the Pintler, Pioneer and Beaverhead Mountains. The
watershed drainage area encompasses about 730,800 acres, with land ownership consisting of
federal, state, and private lands.

DEQ has performed assessments determining that the Big Hole River above Doolittle Creek and
its 18 tributaries do not meet the applicable water quality standards. The scope of the TMDLs in
this document address sediment, temperature and nutrient related problems (See Table E-1).
Metals were assessed in a number of watersheds but no metals TMDL is provided in the
document. Additional TMDLs in this TPA may be required in the future and a number of these
circumstances are noted within the document.

Sediment — Sediment was identified as a cause of impairment for aquatic life and coldwater
fisheries in the Big Hole River, North Fork Big Hole River, Doolittle, Fox, Francis, Governor,
Johnson, Joseph, McVey, Miner, Mussigbrod, Pine, Rock, Ruby, Steel, Swamp, Tie, and Trail
Creeks. Sediment is impacting beneficial water uses in these streams by smothering aquatic
insect habitat, reducing fish spawning success, or filling pools which reduces fish populations.
Water quality restoration endpoints for sediment in these stream segments were established for
fine sediment levels in trout spawning areas, fine sediment in riffles where many aquatic insects
reside, number of pools within a reach of stream, riparian vegetation health and the stability of
streambanks. Attainment of these endpoints is believed to be capable of restoring all water uses
presently impacted by sediment.

Sediment loads were quantified for naturally occurring conditions and impacted conditions for
the following sources: bank erosion, hillslope erosion, and roads. The most significant sources
included natural sediment loads, agricultural related loads from riparian vegetation impacts that
influence bank erosion, and unpaved roads. The sediment TMDLs completed in the Upper and
North Fork Big Hole TPAs indicate that reductions in sediment loads ranging from 10% to 46%
will result in meeting the water quality restoration endpoints depending upon the watershed.

Nutrients — Francis and Steel Creeks were identified for nutrient TMDL formation. Nutrient
targets include total nitrogen, total phosphorus, algae related measures and dissolved oxygen.
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Nutrient TMDLs are based upon target concentrations and stream flow. Nutrient allocations are
based upon water quality modeling results of specific restoration scenarios. Rock, McVey,
Swamp, Fox, Pine and Warm Spring Creek watersheds may need nutrient TMDLs in the future.
Many of these streams were added to Montana’s list of impaired waters as nutrient limited
during this TMDL development project. Other nutrient limited watersheds contained complex
irrigation systems which imported and exported nutrients into and out of the watershed. Nutrient
TMDLs could not be completed in these heavily influenced watersheds given current knowledge.

Metals — Various metals were assessed in Steel, Governor, Mussigbrod, and Joseph Creeks. No
metals TMDLs are provided in this document because of varying reasons within each of these
watersheds. Either human sources were not present when metals were found or metals were not
found above targets if mining sources were present.

Water Temperature — A temperature TMDL is provided for the Upper Big Hole River above
Doolittle Creek Confluence. The recommended strategies for achieving the pollutant reduction
goals of the Upper and North Fork Watershed TMDLs are also presented in this plan. The most
significant pollutant reductions will come from restoration of natural shrubby riparian buffers in
the Upper Big Hole Valley. Healthy riparian zones will filter sediment and nutrients from runoff
and update nutrients from groundwater before it enters streams. Promoting healthy riparian
vegetation will also slow bank erosion and increase shade over streams. Many riparian areas will
benefit from passive restoration approaches but some will need active riparian restoration.
Creating more healthy riparian vegetation can be provided in the Upper Big Hole Valley by
grazing management techniques and moving hay production away from immediate streamside
areas.

Other recommended approaches, which will reduce pollutants, are unpaved road management,
timber harvest practices that do not increase erosion to stream networks, road sanding BMPs, and
the use of other land, soil and water conservation practices capable of improving condition of
stream channels and associated riparian vegetation.

Implementation of most water quality improvement measures described in this plan is based on
voluntary actions of watershed stakeholders. Ideally, the TMDL and associated information
within this document will be used by a local watershed group and/or other watershed
stakeholders as a tool to help guide and prioritize local water quality improvement activities.
These improvement activities can be documented within a watershed restoration plan consistent
with DEQ and EPA recommendations.

It is recognized that a flexible and adaptive approach to most TMDL implementation activities
may become necessary as more knowledge is gained through implementation and future
monitoring. The plan includes an effectiveness monitoring strategy that is designed to track
future progress towards meeting TMDL objectives and goals, and to help refine the plan during
its implementation.

12/10/2008 DRAFT 14



Upper & North Fork Big Hole River Planning Area TMDLs — Executive Summary

Table E-1: List of Water Bodies, Impairment Causes, and Impaired Uses in the Upper and

North Fork Big Hole TPAs for Which TMDLs Were Completed

Water Body & Location Impairment Cause TMDL Pollutant
Description Category
Completed
Big Hole River, above Pintlar Creek Temperature Temperature
North Fork Big Hole River, headwaters to Sediment/siltation Sediment
mouth (Big Hole River)
Johnson Creek, headwaters to mouth (North | Sediment/siltation Sediment
Fork Big Hole River)
Tie Creek, headwaters to mouth (North Fork | Sediment/siltation Sediment
Big Hole River)
Trail Creek, Headwaters to Joseph Creek Sediment/siltation Sediment
Trail Creek, Joseph Creek to mouth (North | Sediment/siltation Sediment
Fork Big Hole River)
Joseph Creek, headwaters to mouth (Trail Sediment/siltation Sediment
Creek-North Fork Big Hole River)
Ruby Creek, headwaters to mouth (North Sediment/siltation Sediment
Fork Big Hole River)
Swamp Creek, headwaters to mouth (Big Sediment/siltation Sediment
Hole River)
Rock Creek, headwaters to mouth (Big Hole | Sediment/siltation Sediment
River)
Miner Creek, headwaters to mouth (Big Sediment/siltation Sediment
Hole River)
Steel Creek, headwaters to mouth (Big Hole Phosphorus Nutrients
River)
Francis Creek, headwaters to mouth (Steel Phosphorus Nutrients
Creek) T3S RISW Nitrogen Sediment
Sediment/siltation
McVey Creek, headwaters to mouth (Big Sediment/siltation Sediment
Hole River) T1S RISW
Doolittle Creek, tributary to the Big Hole Sediment/siltation Sediment

River T1S, R14W

New data collected during this project indicated the need for sediment TMDLs in six other
watersheds in addition to the TMDLs identified as needed by Montana’s impaired waters list.
The additional TMDLs completed within this document address aquatic life and cold water
fishery impacts of siltation in the Upper Big Hole River, Fox, Governor, Mussigbrod, Pine and

Steel creeks. Also, a nitrogen TMDL has been provided for Steel Creek.
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SECTION 1.0
INTRODUCTION

1.1 Background

This document, the Upper Big Hole River Planning Area TMDLs and Framework Water Quality
Restoration Approach, describes the Montana Department of Environmental Quality’s present
understanding of sediment, nutrient and temperature water quality problems in rivers and streams
of the Upper and North Fork Big Hole River TPAs and presents a general framework for
resolving them. Appendix K, Map 1 identifies the water bodies discussed within this document.

Congress passed the Water Pollution Control Act, more commonly known as the Clean Water
Act, in 1972. The goal of this act is to “restore and maintain the chemical, physical, and
biological integrity of the Nation’s waters.” The Clean Water Act requires each state to set water
quality standards to protect designated beneficial water uses and to monitor the attainment of
those uses. Fish and aquatic life, wildlife, recreation, agriculture, industrial, and drinking water
are all types of beneficial uses designated in Montana. Streams and lakes (also referred to as
water bodies) not meeting the established standards are called impaired waters, and those not
expected to meet the standards are called threatened waters.

The water bodies with their associated impairment and threatened causes are identified within a
biennial integrated water quality report developed by DEQ (Table 1-1 identifies impaired waters
for the Upper and North Fork Big Hole River TPAs). Impairment causes fall within two main
categories: pollutant and pollution. Both Montana state law (Section 75-5-701 of the Montana
Water Quality Act) and section 303(d) of the federal Clean Water Act require the development
of total maximum daily loads (TMDLs) for impaired and threatened waters where a measurable
pollutant (for example, sediment, nutrients, metals or temperature) is the cause of the
impairment. The water body segments with pollutant impairment causes in need of TMDL
development are contained within the 303(d) List portion of the State’s integrated water quality
report. The integrated report identifies impaired waters by a Montana water body segment
identification, which is indexed to the National Hydrography Dataset.

A TMDL refers to the maximum amount of a pollutant a stream or lake can receive and still meet

water quality standards. The development of TMDLs and water quality improvement strategies

in Montana includes several steps that must be completed for each impaired or threatened water

body and for each contributing pollutant (or “pollutant/water body combination’). These steps

include:

J Characterizing the existing water body conditions and comparing these conditions to

water quality standards. During this step, measurable target values are set to help
evaluate the stream’s condition in relation to the applicable standards.

J Quantifying the magnitude of pollutant contribution from the pollutant sources

o Determining the TMDL for each pollutant, based on the allowable loading limits (or
loading capacity) for each pollutant/water body combination.

. Allocating the total allowable load (TMDL) into individual loads for each source

(referred to as the load allocations or waste load allocations).
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In Montana, restoration strategies and recommendations are also incorporated in TMDL
documents to help facilitate TMDL implementation.

The above four TMDL steps are further defined in Section 4.0 of this document. Basically,
TMDL development for an impaired water body is a problem solving exercise. The problem is
excess pollutant loading negatively impacting a designated beneficial use. The solution is
developed by identifying the total acceptable pollutant load to the water body (the TMDL),
characterizing all the significant sources contributing to the total pollutant loading, and then
identifying where pollutant loading reductions should be applied to one or more sources to

achieve the acceptable load.

Table 1-1: 2006 Impaired Water Bodies, Impairment Causes, and Impaired Beneficial Uses
in the Upper and North Fork Big Hole River TPAs.

Water body & Location Water body Impairment | TMDL Impaired Uses
Description ID Cause Pollutant
Category
Big Hole River, above Pintlar MT41D001-030 Habitat Not a Pollutant | Aquatic Life, Cold
Creek Alterations Water Fishery
Temperature Temperature* | Aquatic Life, Cold
Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
North Fork Big Hole River, MT41D004-010 Habitat Not a Pollutant | Aquatic Life, Cold
headwaters to mouth (Big Hole Alterations Water Fishery
River) Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Mussigbrod Creek, headwaters MT41D004-020 Habitat Not a Pollutant | Aquatic Life, Cold
to mouth (North Fork Big Hole Alterations Water Fishery
River) Lead Metals Aquatic Life, Cold
Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Johnson Creek, headwaters to MT41D004-030 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (North Fork Big Hole Alterations Water Fishery
River) Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Total Kjehldahl | Nutrients Aquatic Life, Cold
Nitrogen (TKN) Water Fishery
Schultz Creek, headwaters to MT41D004-040 Sedimentation/ | Sediment Aquatic Life, Cold
mouth (Johnson Creek) Siltation Water Fishery
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Table 1-1: 2006 Impaired Water Bodies, Impairment Causes, and Impaired Beneficial Uses
in the Upper and North Fork Big Hole River TPAs.

Water body & Location Water body Impairment | TMDL Impaired Uses
Description ID Cause Pollutant
Category
Tie Creek, headwaters to mouth | MT41D004-060 Habitat Not a Pollutant | Aquatic Life, Cold
(North Fork Big Hole River) Alterations Water Fishery
Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Nitrogen Nutrients Aquatic Life, Cold
Water Fishery
Trail Creek, headwaters to MT41D004-070 Habitat Not a Pollutant | Aquatic Life, Cold
Joseph Creek Alterations Water Fishery
Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Trail Creek, Joseph Creek to MT41D004-080 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (North Fork Big Hole Alterations Water Fishery
River) Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Joseph Creek, headwaters to MT41D004-090 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (Trail Creek-North Fork Alterations Water Fishery
Big Hole River) Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Lead Metals Aquatic Life, Cold
Water Fishery,
Drinking Water
Copper Metals Aquatic Life, Cold
Water Fishery
Ruby Creek, headwaters to MT41D004-100 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (North Fork Big Hole Alterations Water Fishery
River) Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Swamp Creek, headwaters to MT41D004-110 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (Big Hole River) Alterations Water Fishery
Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Nitrogen Nutrients Aquatic Life, Cold
Water Fishery
Phosphorus Nutrients Aquatic Life, Cold
Water Fishery
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Table 1-1: 2006 Impaired Water Bodies, Impairment Causes, and Impaired Beneficial Uses
in the Upper and North Fork Big Hole River TPAs.

Water body & Location Water body Impairment | TMDL Impaired Uses
Description ID Cause Pollutant
Category
Rock Creek, headwaters to MT41D004-120 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (Big Hole River) Alterations Water Fishery
Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Nitrogen Nutrients Aquatic Life, Cold
Water Fishery
Phosphorus Nutrients Aquatic Life, Cold
Water Fishery
Miner Creek, headwaters to MT41D004-140 Sedimentation/ | Sediment Aquatic Life, Cold
mouth (Big Hole River) Siltation Water Fishery
Governor Creek, headwaters to | MT41D004-150 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (Big Hole River-South of Alterations Water Fishery
Jackson) Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Copper Metals Aquatic Life, Cold
Water Fishery
Pine Creek, headwaters to mouth | MT41D004-160 Habitat Not a Pollutant | Aquatic Life, Cold
(Andrus Creek-Governor Creek) Alterations Water Fishery
Phosphorus Nutrients Aquatic Life, Cold
Water Fishery
Fox Creek, headwaters to mouth | MT41D004-170 Phosphorus Nutrients Aquatic Life, Cold
(Governor Creek) Water Fishery
Warm Springs Creek, MT41D004-180 Habitat Not a Pollutant | Aquatic Life, Cold
headwaters to mouth (Big Hole Alterations Water Fishery
River-Near Jackson) Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Total Kjehldahl | Nutrients Aquatic Life, Cold
Nitrogen (TKN) Water Fishery
Phosphorus Nutrients Aquatic Life, Cold
Water Fishery
Steel Creek, headwaters to mouth | MT41D004-190 Habitat Not a Pollutant | Aquatic Life, Cold
(Big Hole River) Alterations Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Copper Metals Aquatic Life, Cold
Water Fishery
Cadmium Metals Aquatic Life, Cold
Water Fishery
Phosphorus Nutrients Aquatic Life, Cold
Water Fishery
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Table 1-1: 2006 Impaired Water Bodies, Impairment Causes, and Impaired Beneficial Uses
in the Upper and North Fork Big Hole River TPAs.

Water body & Location Water body Impairment | TMDL Impaired Uses
Description ID Cause Pollutant
Category
Francis Creek, headwaters to MT41D004-200 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (Steel Creek) T3S R15W Alterations Water Fishery
Nitrogen Nutrients Aquatic Life, Cold
Water Fishery
Phosphorus Nutrients Aquatic Life, Cold
Water Fishery
Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
McVey Creek, headwaters to MT41D004-210 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (Big Hole River) T1S Alterations Water Fishery
RI15W Nitrogen Nutrients Aquatic Life, Cold
Water Fishery
Phosphorus Nutrients Aquatic Life, Cold
Water Fishery
Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Doolittle Creek, tributary to the MT41D004-220 Habitat Not a Pollutant | Aquatic Life, Cold
Big Hole River T1S, R14W Alterations Water Fishery
Sedimentation/ | Sediment Aquatic Life, Cold
Siltation Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation
Pintlar Creek, headwaters to MT41D003-170 Habitat Not a Pollutant | Aquatic Life, Cold
mouth (Big Hole River) Alterations Water Fishery
Temperature Temperature Aquatic Life, Cold
Water Fishery
Low Flow Not a Pollutant | Aquatic Life, Cold
Alterations Water Fishery,
Recreation

*Bold text in the pollutant category column indicates a TMDL is included for the pollutant in

this document.

This document only provides TMDLs for pollutants identified by bold text in Table 1-1. The
TMDLs address the associated impairment causes. New data collected during this project

indicated the need for sediment TMDLs in six other watersheds in addition to the TMDLs

identified as needed by Montana’s impaired waters list. The additional TMDLs completed within
this document address aquatic life and cold water fishery impacts of siltation/sedimentation in
the upper Big Hole River, Fox, Governor, Mussigbrod, Pine, and Steel creeks. Also a nitrogen
TMDL was completed for Steel Creek which Montana’s impaired waters list did not identify a
need for. A total of 25 TMDLs are provided in this document. Other impairment causes in Table
1-1 will be addressed in the future.
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1.2 Water Quality Impairments and TMDLs Addressed Within This Plan

Water quality impairments affecting the Upper Big Hole River and its tributaries, which are
addressed by this plan, include sediment, nutrients, metals, and elevated water temperatures.
These pollutants have been shown to impair some designated uses of these streams, including
aquatic life and cold water fisheries, and drinking water (See Table 1-1). Because TMDLs are
completed for each pollutant/water body combination, this framework water quality
improvement plan, contains several TMDLs.

The DEQ recognizes there are some pollutant listings for this TPA that are not addressed with
TMDLs at this time, however, some pollutants may not have been on Montana’s list of impaired
waters at the time this TMDL project was initiated. Other TMDLs may not have been addressed
at this time because there may have been unacceptable levels of uncertainty with current
knowledge or because there were indications in newly collected data that a number of the
TMDLs were not necessary even though pollutants were identified as potentially influencing a
use on Montana’s impaired waters list.

Impairment can be due to a group of causes defined as “pollution”. TMDLs are not required for
pollution, although in many situations the solution to one or more pollutant problems will be
consistent with or equivalent to the solution for one or more pollutant problems. The link
between pollutant TMDLs in this document and pollution impairment causes usually resides in
the source assessment of pollutants and the restorataion strategy to reduce pollutant loads. For
instance, most sediment sources within the watershed relate to riparian vegetation conditions that
hold soils in the streambanks together and provide sediment filtering near streams. Riparian
habitat alterations are a source of sediment in many areas of this watershed and are addressed by
sediment TMDLs in the restoration approach for reducing sediment load to the stream network.
Similarly, the temperature TMDL for the Big Hole River addresses reduced flows as a source of
heating in the source assessment. Flow alteration is not a pollutant, yet it influences stream
temperature. Restoration approaches for the temperature TMDL identify stream flow as an
important approach to reducing temperature.

1.3 Stakeholder and Public Participation

A technical advisory approach was used during the TMDL process. During the initial phases of
TMDL development technical advisors and local stakeholders were provided the opportunity to
supply information about known pollutant sources in the watershed and give comment on
monitoring and modeling approaches for TMDL development. The Big Hole Watershed
Committee and Big Hole River Foundation provided support for TMDL monitoring in a number
of ways. Both groups supplied labor resources for TMDL monitoring crews. The Big Hole
Watershed Committee provided landowner outreach during this timeframe to educate
landowners about the TMDL process while securing land access for monitoring. These groups
also provided in-kind local effort and secured state funding match to provide the State of
Montana an avenue for use of federal funding for this project. The United States Forest Service
also assisted in sediment, riparian habitat, temperature, metals and nutrient monitoring. Montana
MDT completed a road sanding study for Lost Trail Pass for use in the TMDL effort.

12/10/2008 DRAFT 22



Upper & North Fork Big Hole River Planning Area TMDLs — Section 1.0

Stakeholder and public comment processes considerations are reviewed in more detail in Section
12.0 of this document.

1.4 Document Layout

The main body of the document provides a summary of the TMDL components. Additional
technical details of these components are contained in the appendices of this report. In addition
to this introductory section which includes the background, identification of TMDLs developed,
and a description of stakeholder involvement during TMDL development, this document has
been organized into the following sections:

o Section 2.0 —Watershed Description: a description of the physical and social
characteristics of the watershed.

o Section 3.0 — Montana Water Quality Standards: discusses the water quality standards
that apply to the watershed.

J Section 4.0 — Description of water quality target conditions and influencing factors.

. Section 5.0 — Comparison of existing conditions for each stream of interest and how
they compare to the water quality targets and influencing factors.

. Section 6.0 — Description of TMDL necessary components.

° Sections 7.0-9.0 — Sediment, Nutrient, and Temperature TMDL Components,
sequentially: each section summarizes identified sources of the respective pollutant
and the determined TMDL for the respective pollutant / water body combinations
addressed by this plan.

o Section 10.0 — Restoration Objectives and Implementation Plan: discusses water
quality restoration objectives and presents a framework implementation strategy for
meeting the identified objectives and TMDLs.

o Section 11.0 — Monitoring for Effectiveness: describes a water quality monitoring
plan for addressing uncertainty in assessments and evaluation the long term

conditions within the watershed

o Section 12.0 — A review of technical, stakeholder and public involvement activities
during this TMDL process.

) Section 13.0 — Literature Reference
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SECTION 2.0
WATERSHED CHARACTERIZATION

The Upper Big Hole River Watershed lies in the southwest corner of Montana, about 50 miles
west of Dillon, Montana (Appendix K, Map 1). The Upper Big Hole River TMDL planning
area (TPA) is approximately 1,200 square miles (770,761 acres) and encompasses all the area
upstream from the confluence of the Big Hole River with Pintlar Creek. This section provides a
description of the physical, ecological, and socioeconomic character of the Upper Big Hole River
TPA. Additionally, this chapter includes discussion of the relations between watershed
characteristics to TMDLs and associated conservation issues in the basin.

2.1 Geological Setting

The Upper Big Hole River Valley is one of the widest and highest elevation valleys in southwest
Montana. The valley area is approximately 32 x 52 miles and the valley floor elevation exceeds
6,000 feet throughout. Much of the valley bottom consists of Quaternary alluvial and glacial
deposits, often overlying Tertiary aged sedimentary rocks of the Bozeman Formation (Map 2).
The Beaverhead Mountains along the western edge of the watershed consist mostly of
Proterozoic age quartzite, argillite, limestone, and shale. The Pioneer Mountains, which consist
dominantly of Cretaceous granitic intrusive rocks, comprise the eastern boundary of the
watershed. The northern boundary, defined by the Anaconda Range, consists mostly of Tertiary
granitic intrusive rocks. Oil exploration in the 1980s revealed thick accumulations of Tertiary
sediments filling the Upper Big Hole Valley. These basin fill deposits, which approach 14,000
feet in depth, are thicker than any other in the region (Alt and Hyndman 1986).

2.2 Soils

Detailed soils data is currently unavailable for the Upper Big Hole River TPA. However, the
Natural Resource Conservation Service (NRCS) is currently conducting a detailed Soil Survey
Geographic Database (SSURGO) soils survey and those data should be available for future
efforts. Evaluation of the SSURGO soils database for Madison County indicates that soils
contributed from the Bozeman Formation typically have low available water capacity, low clay
content, and high permeability. This suggests that these soils have insufficient capacity to hold
adequate water to support substantial plant growth. The nature of soils has implications for water
management and TMDL planning in the basin.

2.3 Climate

The climate of the basin is an important consideration in support of sensitive beneficial uses.
Long, cold winters and short, moderately hot and dry summers characterize the climate of the
Upper Big Hole River Watershed. Average monthly minimum temperatures and maximum
temperatures range from 1.8-78.1°F in January and July, respectively. The valley portions of the
watershed are semiarid with average annual precipitation of 11.82 inches/year at Wisdom.
Headwater portions of the watershed receive considerably more precipitation, reaching an
average 53 inches/year in the headwaters of Berry Creek, located in the southwest portion of the
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watershed. The growing season is short, with an average of 45 frost-free days/year. Maximum
daily temperatures are below freezing for an average of 75 days/year. A precipitation map can be
found in Appendix A.

2.4 Hydrology

The hydrology of the Upper Big Hole River and its tributaries reflect significant alteration of
natural flows due to water use practices. Because dewatering and associated thermal impairments
figure largely in many of the 303(d) Listed streams, a detailed description of groundwater and
surface water hydrology provides useful information to support TMDL planning. This section
describes hydrologic conditions in the Upper Big Hole River Watershed based on existing
hydrologic studies and limited evaluation of more recent gage data.

2.4.1 Surface Water Hydrology

Readily available stream gage data document the magnitude, timing and patterns of stream flow
in the Upper Big Hole River TPA. Mean daily stream flows measured at three USGS gaging
stations (Table 2-1) provide the basis to describe the surface water hydrology of the mainstem
Big Hole River. The stream gage located in the uppermost watershed area (Big Hole River near
Jackson gage) lies near Van Houten Lake. This gage station was active from 1948-1953. The
gage located at Wisdom has been active since 1988 and has mean daily flow data for the months
of April through December. Located further downstream, the gage below Mudd Creek has been
active since 1997, and has recorded mean daily stream flow values for the months of April
through October. It is important to note that the relatively short, recent periods of record for each
gage encompass only impacted hydrologic conditions. Therefore, it is impossible to use the gage
data to quantify natural flows or to quantify long-term hydrologic trends. The following analyses
provide a means to evaluate existing hydrographic features and draw inference regarding the
effect of human activities on basin hydrology:

o Maximum mean daily flow
o Mean monthly stream flow
J Low flow duration analysis

Table 2-1: USGS gaging stations utilized in hydrologic characterization

. . . Drainage Months
Site Number | Site Name Period of Record Area (sq mi) Recorded
06023500 | Big HoleRivernear |\ 1646 (¢ 1953 44 Jan-Dec

Jackson
Big Hole River below
06024450 Big Lake Cr at May 1988-Sept 2002 575 Apr-Dec
Wisdom
Big Hole River below
06024540 Mudd Cr nr Wisdom Oct 1997- Sept 2002 1267 Apr-Oct
. Recorded annual peak flows identify historic patterns of flooding in the watershed. At

the Wisdom gage, measured annual peak flows between 1988 and 2002 ranged from
less than 500 cfs to almost 4000 cfs (Figure 2-1). Individual periods with relatively
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low annual peak flows include 1988-1990, 1992-1994, and 2000-2002. Relatively
high peak flows characterized the period from 1995-1999, with flows exceeding 1500
cfs at Wisdom each of those years. On June 7, 1991, flows at the Wisdom gage
peaked at 3830 cfs, which is the flood of record at the gage. Since 2000, peak
discharges at the Wisdom gage have been below 1300 cfs; measured peak discharges
during 2000 and 2001 at the Wisdom gage were 649 cfs and 563 cfs, respectively.
Peak flows downstream at the gage near Mudd Creek are typically 2 to 2.7 times
larger than flows measured at Wisdom, reflecting the increased contributing drainage
area at that location, including the North Fork Big Hole River.
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Figure 2-1: Annual peak discharges, Upper Big Hole River near Wisdom, and near Mudd
Creek.

Recorded mean monthly discharge at the three gages indicate that annual peak water yields occur
during the months of May and June on the mainstem Big Hole River, which is due to a
combination of precipitation and snowmelt runoff during that time (Figure 2-2). Although the
rising limb of the spring snowmelt hydrograph tends to be gradual through the months of April
through June, flows tend to drop rapidly through late June and July, creating an asymmetric
mean monthly hydrograph. This asymmetry increases in the downstream direction from Jackson
to below Mudd Creek. The rapid drop in the recessional limb of the spring runoff hydrograph
correlates to the onset of flood irrigation practices in the basin indicating the effect of this use on
water quantity in the Big Hole River.
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Figure 2-2: Mean monthly discharge for period of record on Upper Big Hole River USGS
stream gages.

Analysis of mean daily stream flow data also describes the timing and magnitudes of minimum
flows at a given location. One way to assess typical low flows is through an analysis of flow
duration for a given stream gage record. Flow duration refers to the percent time that a given
flow value is equaled or exceeded. A 100% duration flow reflects the flow equaled or exceeded
100% of the time, or the minimum flow value recorded at the gage. Flow duration curves for the
three gaging stations illustrate effects of dewatering on the Big Hole River between the Jackson
and Wisdom gaging stations, a reach providing critical habitat for Arctic grayling. Although the
data from near Jackson and below Mudd Creek show 100% duration flows in excess of
approximately 10 cfs, the Wisdom gage depicts a significant drop in flow magnitudes at about
the 95% flow duration (Figure 2-3). Over the period of record at the Wisdom gage (April
through December, 5/1988-9/2002), flows have been below 10 cfs approximately 5% of the time.

Seasonal dewatering of the Big Hole River is a leading cause of degraded fisheries habitat
(Byorth and Magee 1996). At the Wisdom gage, a minimum discharge of 60 cfs is necessary to
maintain the existing fishery, and a “minimum survival flow” of 20 cfs is required for short-term
fisheries survival (DNRC 1995). At Wisdom, the proposed “minimum survival flow” of 20 cfs
was unattained approximately 12% of the time over the period of record (Figure 2-3). The
proposed fisheries maintenance discharge of 60 cfs was unattained approximately 39% of the
time
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In the uppermost reaches of the Big Hole River, from 1948 through 1953, which is the period of
record at the gage near Jackson, flows exceeded a minimum of 9 cfs every day between April
and October. Downstream at Wisdom, where the contributing drainage area is approximately 13
times larger, flows were less than 9 cfs for a total of 151 days, during the months of April
through October, from 1988 to 2002 (5% of the time). This suggests that either natural runoff
varied dramatically during the two periods of record, or that significant low flow dewatering
occurs between the headwaters of the Big Hole River and Wisdom.
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Figure 2-3: Mean daily flow duration curves for the Upper Big Hole River stream gage
data, April though October.

Assessment of minimum-recorded, daily flows for the period of record clearly depicts the
reduction of in stream flows in the Upper Big Hole River at Wisdom. Minimum flows tend to
occur between early August and late September (Figure 2-4). Between late July and August,
minimum flows were all less than 10 cfs. Minimum flows of less than 20 cfs have occurred in
the months of June, July, August, September, and October.
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Figure 2-4: Minimum recorded mean daily discharge, 1988-2002, Big Hole River near
Wisdom

A comparison of the stream flow contributed from individual major sub-watersheds identifies
spatial trends in surface water withdrawals. Fundamentally, in a single basin, the relative
contribution of flow from contributing sub-watersheds relates in part to the sub-watershed’s
drainage area. The contributing drainage area above the Wisdom gage (575 sq mi) is
approximately 45% of that contributing to the gage below Mudd Creek. (1267 sq mi). The
largest contributing sub-watershed between Wisdom and Mudd Creek is the North Fork Big
Hole River. As the upper basin characteristics on the North Fork are physiographically similar to
those of the Upper Big Hole River above Wisdom, it would follow that flows at Wisdom should
be about 45% of those at Mudd Creek. Nevertheless, on average, mean daily summer flows at
Wisdom are significantly less than 45% of those at Mudd Creek. In 1999, mid-summer flows at
Wisdom were commonly less than 20% of those at Mudd Creek (Figure 2-5). By fall, relative
flow contributions from the mainstem of the Upper Big Hole increased to 40% of the total flow
below Mudd Creek. The relatively low surface water yield from the Upper Big Hole sub-
watershed above Wisdom during summer months indicates that dewatering is a more significant
impact in the sub-watershed area above Wisdom than the North Fork Big Hole River sub-
watershed.
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Figure 2-5: Ratio of mean daily flows on the Upper Big Hole River at Wisdom and near
Mudd Creek.

The surface water hydrology of the Upper Big Hole River is typical of snowmelt driven
watersheds. Peak discharges typically occur in the month of June, and the spring runoff event
steeply recedes in July. The rate of flow recession following peak discharges tends to increase in
the downstream direction from Jackson to below Mudd Creek. The flow duration and minimum
flow assessments indicate that at the Wisdom gage instream flows were less than 20 cfs
approximately 12% of the time. These minimum flows typically occurred during the months of
June, July, August, and September. Analysis of relative contributions from sub-watersheds
indicates the North Fork Big Hole River contributes more water relative to drainage size than the
upper mainstem of the Big Hole River and its tributaries. This indicates that substantial
dewatering occurs in the system upstream of Wisdom. As flood irrigation is widespread
throughout the basin during late spring and summer, the reduction of instream flows during that
period is systemic throughout the basin. However, the greatest relative impact of water use on
the Big Hole River show surface flows evidently occur upstream of the North Fork confluence.

The Big Hole Drought Management Plan was adopted by the Big Hole Watershed Committee in
partnership with Montana Department of Fish, Wildlife and Parks (FWP), Department of Natural
Resources and Conservation (DNRC), and the U.S. Natural Resources Conservation Service
(NRCS) in 1997. The plan has since been amended in 2000, 2002, 2004, 2005, and 2007. Its
purpose is to mitigate the effects of low stream flows and lethal water temperatures for fisheries
(particularly fluvial Arctic grayling) through a voluntary effort among agriculture,
municipalities, business, conservation groups, anglers, and affected government agencies.

12/10/2008 DRAFT 31



Upper & North Fork Big Hole River Planning Area TMDLs — Section 2.0

2.4.2 Ground Water/Surface Water Interactions

Interactions between ground water and surface water are an important component of the basin’s
hydrology. Connectivity between streams and the ground water table influences stream flow,
especially at critical low flow periods. Understanding the dynamics between these waters is an
essential element of water planning in the basin. This section describes the groundwater resource
and its connectivity to surface waters.

Groundwater occurs in the permeable sands and gravels in the uppermost units within the
Quaternary-age basin fill. Groundwater withdrawals in the basin are typically from this aquifer;
the average well depth in the basin is 97 feet and average pumping level is 41 feet (DNRC 1995).
Wells completed in the Tertiary and Quaternary sands and gravels typically produce about 5-20
gallons/minute (Marvin and Voeller 2000). Very shallow water table levels are common,
especially during the maximum recharge period that extends from early spring to early summer.

Marvin and Voeller (2000) conducted a comprehensive investigation of ground water/surface
water interactions in the Upper Big Hole River Basin during 1997 and 1998. These investigators
integrated gaging station data, ground water elevations measured at 43 wells, climate data, and
synoptic stream flow measurements from 20 tributaries. Using this data, the authors were able to
assess several aspects of the groundwater resource and its influence on surface water. This
includes seasonal and spatial patterns of groundwater storage, surface recharge dynamics, and
losses to evapotranspiration.

Groundwater hydrographs for the basin depict a seasonal pattern influenced by snowmelt and
irrigation practices (Marvin and Voeller 2000). Groundwater levels are lowest in winter and
increase in March and April due to melting of the valley snowpack. Groundwater elevations
continue to rise in May and June in response to contributions from the mountain snowpack and
flood irrigation at lower elevations. Groundwater levels typically decline after mid-July
following cessation of irrigation of hay meadows around July 4. Calculations based on average
annual water changes suggest that groundwater storage in the basin is approximately 170,000
acre-feet

Groundwater hydrographs vary across the Upper Big Hole River Basin. The average annual
water level change in the measured wells of the Upper Big Hole is about 5 ft. Still, marked
variability occurs among wells. For example, in a well close to Governor Creek near Jackson, the
1996 peak water level occurred approximately one week after flood irrigation began in May, and,
during those 6 days of irrigating, the water level rose 16.7 ft, or 2.8 ft/day. Active flood irrigation
kept the water level relatively steady for the next 7 weeks. Irrigation ended on about July 9,

1996, and at that point the water levels dropped an average of 0.33 ft/day, until they stabilized in
September at a level approximately 20 ft below the mid-summer peak.

Marvin and Voeller (2000) evaluated the extent of surface recharge from groundwater through
several lines of evidence. First, a comparison of gaged total basin inflow to total outflow at the
Mudd Creek gage indicated that during August 1998, inflows essentially balanced outflows
(approximately 260 cfs). In September, however, outflows were approximately 32 cfs lower than

12/10/2008 DRAFT 32



Upper & North Fork Big Hole River Planning Area TMDLs — Section 2.0

inflows, indicating that groundwater contributions to surface flow failed to compensate fully for
upstream surface-water losses related to evapotranspiration and seepage.

Next, the authors compared estimated basin water yield and measured surface water yield to
draw inferences on the amount of water lost to evapotranspiration. With an average annual
precipitation of 25.1 inches, the estimated total annual water yield delivered to the basin was 1.7
million acre-feet. Mean annual surface-water yield was approximately 456,000 acre-feet, which
is approximately 27% of the total input. Mean annual evapotranspiration losses within the basin
were therefore approximately 1.2 million acre-feet, or 18.3 inches (Marvin and Voeller 2000).

In addition to the general assessment of ground water/surface water interactions in the Upper Big
Hole River Basin, Marvin and Voeller (2000) performed an intensive study within the Stanley,
Sheep, and Francis Creek watersheds south of Wisdom (Francis Creek Unit). Data used in this
evaluation included synoptic stream flow measurements on the streams and irrigation diversions
and continuous flow measurements on the downstream end of Francis Creek, as well as on
Huntley Ditch. These data were integrated with water levels measured in 23 wells within the
unit.

Within the Francis Creek Unit, groundwater storage reductions in the fall and winter of 1997-
1998 averaged 400 acre-feet/month. Between March and June 1998, total increase in storage was
about 6,300 acre-feet. Natural melting of the valley snow pack contributed approximately 30%
of this total, with the remainder (4200 acre-feet) attributable to recharge from irrigation in May
and June. By September, storage dropped by approximately 4,500 acre-feet, of which an
estimated 3,100 acre-feet was stored irrigation water. Marvin and Voeller attributed the reduction
in water storage volume in July, August, and September to evapotranspiration processes, rather
than surface or subsurface discharge.

Water balance results indicate that the 1998 evapotranspiration rates in the Francis Creek Unit
were greatest during the month of July (4,800 acre-feet). For the entire 1998 growing season
(May-September), evapotranspiration accounted for an estimated of 14,728 acre-feet of loss,
which is approximately 57% of total input volume (Marvin and Voeller 2000). Assessment of
irrigated acreage and associated evapotranspiration during the 1998 growing season corroborated
these estimates. The evapotranspiration loss was 14,000 acre-feet, with grass hay consuming
64% of that value. Similarly, Levings (1986) estimated that approximately 73% of the total water
delivered to the basin is lost to evapotranspiration.

In summary, the assessment of ground water storage trends, trends in surface water discharge,
and evapotranspiration losses in the Francis Creek Unit indicate that although ground water
storage increased by 4,200 acre-feet during the irrigation season (May and June), about that same
amount was lost by subsequent evapotranspiration. This implies no correlation between the mid-
to-late summer reduction in groundwater and surface water discharges. Thus, Marvin and
Voeller (2000) concluded, “Irrigation returns appear to have a negligible effect on stream flow
during the summer and early fall.” After the growing season, however, from October 1997
through February 1998, about 40% of the water released from groundwater storage was irrigation
water. With relatively low evapotranspiration rates during that time of year, it is possible that
irrigation water enhances surface water flows after the growing season ends.
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2.5 Fluvial Geomorphology

Fluvial geomorphology refers to the study of the physical, morphological processes that operate
within river systems and the landforms they create or have created. A number of factors
influence fluvial geomorphology including basin geology, climate, vegetation, and hydrology.
Because alterations in river geomorphology appear to be an issue with many 303(d) Listed
streams in the Upper Big Hole River Basin, characterization of fluvial processes in the basin is
an important component of watershed restoration planning. Integration of field observations,
available documents, and interpretation of aerial photography provide the basis for the following
geomorphic characterization of the Upper Big Hole Watershed.

2.5.1 General Setting

The Big Hole is the “highest and widest of the broad mountain valleys of western Montana” (Alt
and Hyndman 1986). In the 1980s, wildcat oil well drilling revealed that the valley fill sediments
are roughly 14,000 ft thick, which is far deeper than any other valley in the region. Erosion into
this valley fill has resulted in the formation of terrace surfaces in the basin. The Tertiary-age
Bozeman Formation underlies the highest surface. More recent alluvial deposits form additional
terrace surfaces inset within the Bozeman Formation exposures. Glacial deposits, including
outwash and moraines, are present on the basin margins.

2.5.2 Stream Morphology

As part of initial TMDL assessments, a basic Rosgen Level 1 stream classification of 303(d)
Listed streams allowed segmentation of the channels into a series of reaches and broad
categorization of the geomorphic character of each reach. This section provides a brief
description of channel types identified in the classification effort (Table 2-2).

Observed channel types on the 303(d) Listed streams of the Upper Big Hole Basin range from
steep, confined headwater channels to lower gradient channels in the valley bottoms. The
geomorphic character of the individual stream segments is primarily a function of topography,
geology, and land use. Proximal valley walls typically confine headwater channels, resulting in a
lack of active floodplain area (A/B-type channels). In these areas, the valley walls are commonly
steep timbered slopes with localized areas of timber harvest. The high elevation confined
channels commonly transition into relatively broad glaciated valley bottoms that are relatively
flat. Channels in these areas tend to be sinuous, stable stream segments that have willow
dominated valley margins (E-type channels). As the streams enter the Upper Big Hole River
Valley, the valley slope becomes more gradual. The streams in the basin tend to form sinuous
threads that commonly occupy multiple active channels (DA-type channels). Commonly, reaches
with multiple channel threads have a single, dominant C-type channel. In numerous areas, dense
willows line the active channel margin, although the density of woody riparian vegetation is
highly variable. Sediment storage in the form of bars is also variable; in most areas, little
evidence of bar formation exists. In some reaches, however, such as those in which the channel
abuts high terraces or where lateral migration rates are high, unvegetated point bars are common.
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Table 2-2: Channel types (Rosgen 1996) identified on streams in the Upper Big Hole River
Watershed in Level I classification activities.

Stream
Type

Fundamental Characteristics

A-Type Channels are relatively steep channels that form in headwater areas as well
as within bedrock canyons. These channels are entrenched and confined by steep
valley margins such that little to no floodplain occurs on their border. As the
boundaries of A-type channels are typically highly resistant to erosion, these stream
types are generally quite resilient with respect to human impacts. The most common
cause of geomorphic change within A-type channels is due to large scale sediment
transport events, (landslides, debris flows, debris jam failure) that may result in
blockage or deflection of channel flow.

B-Type Channels tend to form downstream of headwater channels, in areas of
moderate slope where the watershed transitions from headwater environments to
valley bottoms. Moderate slopes, moderate entrenchment, and stable channel
boundaries characterize B-channels. Due to the relatively steep channel slopes and
stable channel boundaries, B-channels are moderately resistant to human impacts,
although, their reduced slopes relative to headwater areas can ma